Effect of housing system on fattening and slaughter results and profi tability of pig fattening. The study was performed on a fattener farm in a pig house with and without bedding material. In each housing system, Landrace × Duroc weaners imported from Denmark, with an initial weight of 25-30 kg, were fattened in three different seasons. Animals were fed ad libitum with mixed feeds prepared on the farm. The study determined mortality, daily gains, feed conversion (kg feed/kg gain), daily feed intake, hot carcass weight, and meatiness. A simplifi ed economic calculation of fattening costs was made. Pigs kept on litter were characterized by lower daily gains (10-20%), lower daily feed intake (5-10%), less effi cient feed conversion (5%), and higher lower meatiness (1-2.9% point). Taking into account the costs incurred during the fattening process and revenue from the sale of fattening pigs and natural fertilizer, keeping the pigs without bedding proved more profi table. Difference totaled 0.16 PLN per 1 kg hot carcass weight.
INTRODUCTION
Poland is a significant producer of pigs in Europe. According to the Central Statistical Office (GUS 2019), the pig population in Poland in December 2018 was 11,027.7 thousand head, a decrease of 7.4% in relation to the same period of 2017. The most common reason given for reducing the population was that live pig production is unprofitable, mainly due to an unfavourable relationship between prices of fattening pigs and prices of cereals (Pepliński 2013) . Out of the 11,027.7 thousand pigs, 43.2% were fatteners. This production group is kept in two systems: with bedding material, which is more popular in less intensive production systems (Rekiel et al. 2018) , and without bedding material, which is predominant in intensive pig farms (van de Weerd and Day 2009 ).
In the litter housing system, pigs spend less time resting, are longer active and less aggressive than in the litterless system. Litter housing also reduces the proportion of undesirable behaviours such as tail biting, ear biting, and mount attempts (Day et al. 2008 , Jordan et al. 2008 . Animal welfare levels increase as do the costs of production, because bedding material involves costs and higher labour inputs associated with provision of bedding material and removal of manure. When the number of animals on a farm is large, it is more problematic to obtain straw for bedding (Winnicki and Jugowar 2011) . At present, bedding may increase the risk of spreading the ASF (African swine fever) virus. Epizootic data gathered by the Veterinary Inspection shows that in Poland, the most common vectors for ASF transmission were forage, hay and straw (Pejsak and Woźniakowski 2017). These risks and costs increase the interest in housing pigs without bedding material. As reported by Fugol and Szlachta (2010) , litterless housing is economically more favourable due to lower labour inputs, no bedding purchase costs, and profit from the sale of slurry as a substrate for biogas production. Litterless housing facilitates good hygiene in the pig house (Winnicki and Jugowar 2011). Lower labour inputs and lower maintenance costs provide an incentive to keep fatteners in the system without bedding material, but some porkbuying consumers are interested in housing conditions of the animals from which this meat was sourced. The question is whether obtaining 1 kg of pork from a pig kept on litter costs the same as from a pig kept without bedding.
The aim of the study was to determine the effect of housing system on performance of fattening pigs and profitability of fattening.
MATERIAL AND METHODS
The study was conducted on a fattening pig farm in two systems: on shallow litter and without litter (full grating). Landrace × Duroc weaners imported from Denmark, with an initial weight of 25-30 kg, were investigated. The animals were of a high health status. In each housing system, pigs were fattened in three different seasons: winter, spring-summer, and summer-autumn. In the litterless system, there were twelve pens each with 750 pigs: six pens each with 62 pigs and six pens each with 63 pigs. Each pen had an area of 65 m 2 . In the litter system, there were three pens each with 300 pigs: two pens with an area of 92 m 2 (90 animals per pen) and one pen with an area of 125 m 2 for 120 pigs. Manure was spread and removed twice a week. Barley and wheat straw were used as bedding material.
The farm complied with the animal welfare requirements specified in the Regulation of the Minister of Agriculture and Rural Development of 15 February 2010 (Rozporządzenie..., 2010) and with the biosecurity requirements (Rozporządzenie..., 2018). Two-stage fattening was based on complete diets prepared on the farm (Table 1) . Pigs were fattened to around 40 kg of body weight in the first stage and from 40 kg until sold in the second stage. Animals had access to feed and water ad libitum. After reaching slaughter weight, the fatteners were slaughtered in meat manufacturing plants in compliance with the applicable procedures. Hot carcass weight and dressing percentage were determined. Meatiness of carcasses was evaluated using ultrasound equipment Ultra-Fom 300, and the carcasses were graded according to the EUROP classification system.
The study determined fattening duration, total weight gain, daily weight gain, feed conversion (kg feed/kg gain), dressing percentage, and meatiness. A simplified economic calculation of fattening costs was made. Manure and slurry prices were based on the prices in force on 15 March 2019; the other prices are actual prices in a given production period.
RESULTS AND DISCUSSION
During whole period of observation no mortality was observed for pigs fattened in winter on litter (Table 2 ). In the other fattening seasons, weaners mortality was low. Mortality exceeded 1% for pigs fattened during summer-autumn in both the litter-based (1.7%) and litterless systems (1.2%). Mortality in the litter-based system was 0.66% for all three fattening seasons and similar to the observations of Kralik et al. (2013) , it was slightly lower than in the litterless system.
The mean body weight of the animals at the beginning of fattening was similar in both housing systems (Table 3 ). The highest daily gain was achieved in the litterless system during winter (1229 g).
Compared to the spring/summer and summer/autumn fattening, weight gains during the winter period were higher by 79 g and 118 g, respectively. In the litterbased system, regardless of the fattening season, daily gains of the pigs were lower than in the litterless system by 10-20% and were approximately 1000 g. Karpiesiuk et al. (2016) observed a similar trend: pigs kept on shallow litter (in summer period) showed lower daily gains than those raised without litter. The difference in daily gains was 4%. The lower daily gains of the pigs fattened in pig houses on litter compared to those raised in the litterless system could be due to lower daily intake of concentrates (Morrison et al. 2003) and higher physical activity of the fatteners (Day et al. 2008, Jordan et (2003) in a study conducted in the summer and winter seasons. These authors found higher daily gains in the summer season in fattening pigs kept on deep litter in comparison with animal fattened in the litterless system, as well as comparable daily gains in the winter season.
Feed conversion (kg feed/kg gain) was slightly better in the litterless compared to the litter-based system (by 5%). The lower feed conversion was probably caused by the consumption of straw also, which is a fibre that reduces nutrient digestibility and absorption. In our study, feed conversion was 2.46-2.65 kg, which is considered very good compared to the findings of Karpiesiuk and Falkowski (2008) and Taraska et al. (2016) . The factors possibly responsible for the high feed conversion include well-balanced complete diets prepared on the farm, high genetic potential and high health status of the pigs.
In our study we found that meatiness of pork carcasses was high regardless of the season in which the animals were fattened. The mean meatiness of carcasses, regardless of their weight, was 57% (Table 4 ). We failed to confirm the relationship reported by Antosik and Koćwin-Podsiadła (2010) and Zybert et al. (2015) that carcass meatiness decreases as hot carcasses weight increases. The coefficient of correlation calculated by Antosik and Koćwin-Podsiadła (2010) suggests that an increase in hot carcass weight by 10 kg may be accompanied by a decrease in carcass meat content by around 2.8 p.p. In our study, even the carcasses heavier than 110 kg had a meatiness of 59%. A lack of differences in the meatiness of carcasses with different weights (less than 78 kg and over 92 kg) was also reported by Krzęcio et al. (2004) .
In our study we observed that fattening pigs kept in the litter system were characterized by higher meatiness (by a maximum of 2.9%) compared to the pigs fattened in the litterless system (Table 4) . This result could be related to the weight gains of the pigs. Bocian et al. (2015) report that the high growth rate of the pigs during fattening does not always result in favourable parameters of carcass slaughter value. Meatiness was highest (58.9%) in fatteners with the lowest daily gains (986 g), and lowest (56%) in fastest gaining pigs (1229 g). The authors determined the coefficients of phenotypic correlation between daily gains and the other fattening and slaughter traits. Although the coefficient of correlation between daily gains and meatiness was not significant, it assumed a negative value (R = -0.148), which points to a negative relationship between these traits. That meatiness depends more on the growth rate than on the pig housing system (Gentry et al. 2002) . In our study, slower growing animals with a lower daily feed intake (pigs fattened on litter system) were better muscled, which is indicative of better utilization of dietary protein to support protein deposition in meat (Orzechowska et al. 2010) . In both the litter and litterless systems, most of the carcasses (60%) were graded as class E. Meatiness was more uniform in animals raised in the litter system. The greatest differences in meatiness occurred in the group of fastest growing pigs that were kept in the litterless system in the winter period. The profitability of fattener production depends largely on live pig procurement prices and production costs. The costs of production are primarily dependent on feed prices because feeding costs account for more than 50% of all fattening costs (Pepliński 2013, Bocian et al. 2015) . Table  5 presents the production costs and simplified estimates of profitability in the two housing systems. The production costs do not include daily handling costs (except for the costs associated with provision of bedding material and removal of manure twice a week), depreciation of buildings, and mortality costs. The production costs ranged from 500 to 576 PLN. The most important item in the structure of costs was the purchase of weaners, who presented from 39 to 53% and feed raw materials (from 42 to 56%). Animals were fattened to different slaughter weights (117.4-145.0 kg in the first and third fattening periods in the litter-based system, respectively), the weaners were purchased at various prices (211-302 PLN in the first and third fattening period in the litter-based system, respectively), but due to higher daily gains and lower feed 
CONCLUSIONS
In summary, it is concluded that pigs kept in the litter system are characterized by lower daily gains, less efficient feed conversion and higher meatiness. Taking into account the costs incurred during the fattening process and revenue from the sale of fattening pigs and natural fertilizer, keeping the pigs without bedding proved more profitable. A potential consumer of pork obtained from pigs kept under improved welfare conditions, i.e. on litter, should pay more to compensate for the higher costs of production.
